A helminthological survey was performed on 143 brown rats (Rattus norvegicus) from the city of Palermo (Italy). The overall prevalence of helminth infection was 98.60 %. The following parasites were found: Brachylaima sp. (prevalence 8.39 %) (Trematoda); Taenia taeniaeformis larvae (11.89 %), Rodentolepis nana (13.29 %), Hymenolepis diminuta (24.48 %) (Cestoda); Gongylonema sp., (4.90 %), Syphacia muris (8.39 %), Nippostrongylus brasiliensis (18.88 %), Eucoleus gastricus (30.07 %), Mastophorus muris (30.77 %), Capillaria hepatica (54.55 %), Heterakis spumosa (82.52 %) (Nematoda) and one acanthocephalan (0.70 %). The species found in males were also present in females, with the exception of the acanthocephalan. No significant differences were found between males and females in prevalence (P%) or mean infection intensity (MI). However, a significant correlation between both P% and MI, as well as host age, was observed in some helminth species. Hosts were infected by one to six helminth species (median = 3). This is the first report from Sicily of helminths in R. norvegicus.
Introduction
The helminths that parasitize rats are of special interest due to their role as reservoirs of human helminthiasis (GomezVillafane et al., 2008) . Little is known about the helminth fauna of Rattus norvegicus in Italy and only two previous studies have ever been performed, both on the Italian mainland: one in Emilia Romagna and Toscana in northcentral Italy (Macchioni, 1967) and another in Rome in central Italy (Vanni, 1937) . The present study aims to fill this gap and also to increase knowledge of the helminth …… fauna of R. norvegicus, a synanthrophic rodent that only established itself in the city of Palermo and on Sicily as recently as the twentieth century (Sarà, 1998) .
Materials and methods
A total of 143 R. norvegicus were studied for helminths in March -December 2004 in Palermo, the largest city in Sicily (Italy). Sixty-eight male and 75 female rats (122 adults and 21 juveniles) were collected and ages were assigned according to Delattre and Le Louar (1981) (adult rats > 130 g, juvenile rats < 100 g). Rats came from 17 sites in the town of Palermo: Ippomontato, Campo Nomadi, Cantiere Navale, Mattatoio comunale, Canile Privato, Mercato Ittico, Foce del Fiume Oreto, Via Spadafora, Via Bronte, Villa Niscemi, Istituto Sperimentale Zootecnico, V. Carrabia, Via Torrente d'inverno, Via Celona, Villa Garibaldi, Cartiera Pizzimenti and Quartiere Zen II (San Nicola). The brown rats were trapped using Havahart traps with live bait. All the animals were then transported to the laboratory at the Istituto Zooprofilattico in Palermo and were killed by exposure to a CO 2 -saturated atmosphere. The viscera were separated and dissected in order to identify the helminths present. Trematodes and cestodes were stained with Semichon acetocarmine, dehydrated in alcohol, cleared in xylene and mounted in Canada balsam. Nematodes and acanthocephalans were mounted temporarily in Amann lactophenol. All the helminths were identified from their morphology and morphometry as per the literature. Capillaria hepatica (Bancroft, 1893) infections were diagnosed microscopically by the presence of the typical bi-polar eggs with a double layer shell and radial striations on the outer shell (Calle, 1961) . The ecological terminology and quantitative parameters used were according to Bush et al., 1997 . The differences in parasite prevalences were tested using HELMINTHOLOGIA, 47, 4: 238 -240, 2010 Helminths of the brown rat (Rattus norvegicus) (Berkenhout, 1769) in the city of Palermo, Italy ), while the Kruskal-Wallis test was used to establish differences in intensities for host sex and age. Prevalences were expressed as percentages and the 95 % confidence interval (CI) was calculated. All statistical tests were calculated using SAS System 9.1 for Windows software.
Results
In all 9,343 helminth specimens were identified in 141 parasitized rats (Table I (Yamaguti, 1941) ; Heterakis spumosa (Schneider, 1866); and one acanthocephalan. The only acanthocephala specimen found was damaged and unidentifiable to a major taxonomical level. Of the cestodes, Hymenolepis diminuta (24.48 %), and of the nematodes, Capillaria hepatica (54.55 %) and Heterakis spumosa (82.52 %), were the most prevalent helminth species. The infected animals hosted from one to six helminth species (average = 2.93; median = 3) with the following distribution: one species (14.90 %), two species (25.53 %), three species (28.37 %), four species (16.31 %), five species (12.76 %) and six species (2.13 %). There were no statistically significant differences between males and females in the either the prevalence or intensity of infection, or in mean intensities and total helminths. Even though the number of young rats (n = 21) and adults (n = 121) examined was very different, it is still possible to make comparisons. In juvenile rats the prevalence of Brachylaima sp. was higher than in adults (19.05 vs 6.56). In adult rats the prevalence of all nematodes except Gongylonema sp. (4.92 vs 4.76) and S. muris (8.20 vs 9.52) was higher than in juveniles. There were statistically significant differences in the prevalences in the age classes for C. hepatica (59.02 vs 28.57) (χ² = 6.69; P < 0.05), E. gastricus (33.61 vs 9.52) (χ² = 4.93; P < 0.05), M. muris (34.43 vs 9.52) (χ² = 5.22; P < 0.05) and H. spumosa (85.25 vs 66.57) (χ² = 4.29; P < 0.05). A significant difference in the mean intensity of parasite infection between the two age groups was observed for E. gastricus (10.27 vs 5.00) (test H = 4.93; P < 0.05) and M. muris (5.52 vs 2.50) (test H = 5.35; P < 0.05). 
Discussion
Data from previous studies on helminth parasites in Rattus norvegicus in Italy are only partially comparable with the helminth fauna in the present study due to misidentifications in previous works (e.g. T. pisiformis and S. obvelata are not parasites of the genus Rattus). The most relevant differences between our study and the papers by Macchioni (1967) and Vanni (1937) are the absence of Strongyloides ratti and Trichosomoides crassicauda, both common species in the helminth fauna of Rattus spp. in other European countries (Feliu et al., 1985a; Feliu et al., 1985b (Ribas et al., 2007) , other factors also play a part in this species richness, as can be seen from previous studies in which no correspondence between sample size and number of helminth species was found. The presence of H. diminuta should be noted since it has been reported in all the above-mentioned studies, which suggests a strong association between the host and this parasite. A significant positive correlation was observed between both P% and MI, and the age of hosts and some helminths; but there was also a negative correlation in the case of Brachylaima sp. Similar results were found by GomezVillafane et al. (2008) in R. norvegicus in Argentina, with a not general pattern. The study reveals a greater diversity of helminths than found in previous studies and adds to our knowledge of helminths in R. norvegicus.
